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Objective: Schizophrenia is a severe, debilitating mental disorder characterized by behavioral abnormalities. Although
several studies have investigated the role of oxidative stress and the effects of antipsychotic drugs on oxidative markers
in schizophrenia, adequate information is not available on these issues. The aim of this study is to determine the changes
in oxidative status and thiol disulfide homeostasis in schizophrenic patients using atypical antipsychotic drugs.
Methods: Thirteen schizophrenic patients using atypical antipsychotic drugs and 30 healthy controls were included
this study. The concentrations of total oxidant status (TOS), total antioxidant status (TAS), native thiol, total thiol, and
disulfide levels were determined in the study population.

Results: The TAS (p=0.001), total thiol, and native thiol levels (p<0.001) were higher in the patients compared to
the controls, whereas the TOS and disulfide levels were lower in the patients than in the controls (p<0.001).
Conclusion: These results may suggest that atypical antipsychotic drugs have a useful therapeutic effect by reducing
oxidative stress via the inhibition of the formation of disulfide bonds. The study population number was one of the
limitations of this study. Therefore, further studies are needed to establish the association between thiol disulfide homeo-

stasis in schizophrenic patients using atypical antipsychotic drugs.
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INTRODUCTION

Schizophrenia, a severe debilitating mental disorder, is
characterized by behavioral abnormalities. The onset of
schizophrenia illness typically occurs in late adolescence
or early adulthood. Schizophrenia is characterized by de-
lusions, hallucinations, disorganized behavior and pro-
gressive cognitive deficits with postulated neurodevelop-
mental origin. The point prevalence of schizophrenia has
been reported as five per thousand in the population.™
Differences in age, gender, duration of illness, exposure to
antipsychotic drug could contribute towards the varia-
bility of morphometric findings.” Many genetic and envi-

ronmental factors have been indicated for the etiopatho-
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genesis of schizophrenia.® Oxidant-antioxidant balance
disorders lie under several disease of central nervous
system. Increasing evidence indicates that disturbances of
antioxidant defense system and presence of oxidative
stress may play a role in the biochemical mechanism un-
derlying the schizophrenia.” Oxidative stress is defined as
a disturbance in the oxidant/antioxidant balance in favor
of the former. The oxidant-antioxidant balance is an im-
portant mechanism for homeostasis in reactive oxygen
metabolites and free radicals are parts of the normal hu-
man metabolism.? Excess reactive oxygen species can
cause oxidative damage in vulnerable targets such as pol-
yunsaturated fatty acids, thiol groups and DNA.” Several
biomarkers were evaluated to demonstrate the bio-
chemical alterations related to oxidative stress in patients
with schizophrenia.'” Total antioxidant status (TAS), total
oxidant status (TOS) and oxidative stress index (OSI),
which are novel biomarkers of oxidative stress, are de-
fined by Erel.'”"” Several studies were performed to in-
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vestigate TAS and TOS levels in patients with schizo-
phrenia. However, the reports are controversial.”'*"”

Thiols are found in albumin and cysteine derived mole-
cules such as glutathione, homocysteine, and y-glutamyl-
cysteine. The most abundant thiol in plasma is serum
albumin. Thiols are good reductants. Thiols (RSH) can un-
dergo oxidation reactions, which form a wide range of
products, such as disulfide bonds.'® A disulfide bond is a
covalent bond called an SS-bond or disulfide bridge.
Under the conditions of oxidative stress, the oxidation of
cysteine residues can lead to the reversible formation of
mixed disulfides between protein thiol groups and low-
molecular-mass thiols. The formed disulfide bonds can
again be reduced to thiol groups; thus, dynamic thiol-di-
sulfide homeostasis is maintained.'” Thiol disulfide ho-
meostasis has critical roles in antioxidant protection, de-
toxification, signal transduction, apoptosis, the regulation
of enzymatic activity and transcription factors, and cel-
lular signaling mechanisms.*”

In this study, we evaluated the changes in OSI, TAS,
TOS, native thiol, total thiol, and disulfide concentrations
in schizophrenic patients using atypical antipsychotic
drugs. The aim of this study was to determine the effects of
atypical antipsychotic drugs on disulfide stress. To the
best of our knowledge, this is the first study that evaluates
the thiols and disulfide bound formation in schizophrenic
patients using atypical antipsychotic drugs. This study
provides an important opportunity to advance the under-
standing of the relationship between oxidative stress and
atypical antipsychotics use in patients with schizo-
phrenia.

METHODS

Subjects

The study subjects were composed of 30 patients (18
males and 12 females; 19-70 years old [mean age, 42.13+
14.45 years]) and 30 controls (16 males and 14 females;
20-66 years old [mean age, 40.59+9.08]). No significant
difference was observed between the groups in terms of
age (p=0.609) and gender (p=0.247). Current mental sta-
tus and personal or family history of any mental disorder
was assessed by a clinical psychiatrist. Patients with im-
paired renal and thyroid function; diabetes mellitus; rheu-
matic disease; liver disease; malignancy; and pregnancy
were excluded from the study. For the healthy controls,

the exclusion criteria included a clinical suspicion of in-
fections (body temperature out of the range of 36-38°C,
heart rate >90 beats/minute, respiratory rate >20
times/minute, and white blood count >12,000/mm?® or
< 4,000/mm’); the presence of liver disease, kidney dis-
ease, rheumatic disease, or malignancy; pregnancy, and
smoking. Neither patients nor control subjects suffered
from drug or alcohol abuse/ dependence. All patients
met the Diagnostic and Statistical Manual of Mental
Disorders, fifth edition (DSM-V) diagnosis of schizo-
phrenia. Patients had a mean duration of illness of
10.77+8.65 years. All patients had been receiving stable
doses of oral atypical antipsychotic drugs (risperidone,
olanzapine, aripiprazole, amisulpride, and quetiapine)
for at least 12 months before entry into this study. The
protocol was approved by the ethical committee of
Cumbhuriyet University Medical Faculty (No. 2016-02/02).
All the procedures performed in the study involving the
human participants were done in accordance with the
ethical standards of the institutional and/or national re-
search committee and with the 1964 Declaration of
Helsinki and its later amendments or comparable ethical
standards. Informed consent was obtained from all the in-
dividual participants included in the study.

Blood Sampling

Overnight fasting blood samples were collected from
all participants in a red top tube (Becton Dickinson,
Oxford, UK). The serum was separated, aliquoted, and
stored at —20°C before use. The samples of the patients
and the controls were assayed in the same assay batches.

Determination of OSI, TAS, TOS, and Thiol/Disulfide
Levels

TAS levels were measured using commercially avail-
able colorimetric kits (Rel Assay Diagnostic, Gaziantep,
Turkey). The novel automated method is based on the
bleaching of characteristic color of a more stable ABTS
[2,2"-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)]
radical cation by antioxidants. The assay precision were
<3%. The results were expressed as mmol Trolox equiv-
alent/L. TOS levels were measured using commercially
available colorimetric kits (Rel Assay Diagnostic). In this
method; oxidants present in the sample oxidized the fer-
rous ion-o-dianisidine complex to ferric ions. The oxida-
tion reaction was enhanced by glycerol molecules abun-
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dantly present in the reaction medium. The ferric ion pro-
duced a colored complex with xylenol orange in an acid-
ic medium. The color intensity, which could be measured
spectrophotometrically, was related to the total amount of
oxidant molecules present in the sample. Results were ex-
pressed as micromolar hydrogen peroxide equivalent per
liter (umol H2Ozequivalent/L). OSI, which is the indicator
of the oxidative stress degree, was used as a parameter to
assess redox status. Calculation of OSI were done accord-
ing to the formula: OSI=TOS/TAS.*" Thiol/disulphide lev-
els were measured with a newly developed method by
Erel and Neselioglu.”” The essential principle of the Erel
and Neselioglu method is the reduction of disulfide bonds
(S=S) to reactive thiol groups in the presence of NaBHa. In
this test dynamic disulphide bonds (-S-5-) in the sample
are reduced to functional thiol groups (~SH) by NaBH..
The unused NaBH, remnants are completely removed by
formaldehyde. Thus, this prevents the extra reduction of
the DTNB and further reduction of the formed disulphide
bond, which are produced after the DTNB reaction. The
total thiol content of the sample is measured using modi-
fied Ellman reagent. When the results obtained by sub-
tracting native thiol from total thiol were divided into two,
the disulfide level was obtained. When disulfide, native
thiol, and total thiol levels were divided to each other, a
disulfide/native thiol, disulfide/total thiol, and native thi-
ol/total thiol ratio was obtained as a result.

Statistical Analysis
Sample size was determined as 30 observations for
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each group, based on 0=0.05 and B=0.20. Power of the
actual performed test was obtained as 80.26%. Analyses
were conducted using Power Analysis Statistical System
(PASS) ver. 11.0 (NCSS Statistical Software, Kaysville, UT,
USA). A Shapiro-Wilk test was used to determine the dis-
tribution characteristics of the variables. Student ¢ tests
and Mann-Whitney Utests were used to compare the dif-
ferences of the parametric and nonparametric variables
between the groups, respectively. A chi-square tests were
used to compare differences in terms of gender. The re-
sults were expressed as meanzstandard deviation. A p
value less than 0.05 level was considered as statistically
significant.

RESULTS

The median TAS levels were 1.93 (1.87-2.09) and 2.05
(2.00-2.27) pmol trolox equiv/L in the controls and pa-
tients, respectively. The median TOS levels were 13.40
(10.65-15.53) in the controls and 8.85 (7.25-11.42) pmol
H.O; equiv/L in the patients. Statistically significant differ-
ences were observed between the patients and controls in
terms of TAS (p=0.001) and TOS (p<<0.001). The TAS and
TOS levels in the controls and patients are shown in a
boxplot in Figure 1. The median OSI values were de-
termined as 4.00 (3.42-5.75) and 6.75 (5.65-7.70) in pa-
tients and controls, respectively. The mean native thiol,
total thiol, disulfide, disulfide/native thiol%, disul-
fide/total thiol, native thiol/total thiol%, albumin, and to-
tal protein values are provided in Table 1. The native thi-
ol, total thiol, and disulfide levels in the controls and pa-
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Fig. 1. Box plots for TAS (A) and TOS (B) levels. The image of each group shows the box with median (horizontal line within the box); the
interquartile range (IQR), corresponding to the 25th to 75th percentiles (lower and upper limit of the box); nearest observations within 1.5 IQRs

(the whiskers) and outliers (circles within 3 IQR).
TAS, total antioxidant status; TOS, total oxidant status.
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tients are illustrated in a boxplot in Figure 2. As seen in
Table 1, the total and native thiol values are higher in the
patients than in the controls, whereas the disulfide value is
higher in the controls. These observed differences in na-
tive thiol, total thiol, and disulfide concentrations were

Table 1. Comparison of the serum levels native thiol, total thiol,
disulfide, albumin and total protein concentrations

Patient (n=30) Control (n=30) p value*

Age (yr) 42.13+14.45  40.59+9.08 0.609
Native thiol (umol/L)  370.03+34.48 324.47+47.65 <0.001
Total thiol (pmol/L) 388.71+36.13  352.56+47.99 0.001

Disulfide (umol/L) 9.3+3.73 14.04+3.54  <0.001
SS/SH % 2.53x1.05 4.44+1.37 <0.001
SS/total thiol % 2.39+0.95 4.05+1.15 <0.001
SH/total thiol % 95.21£1.90 91.88+2.30 <0.001
Albumin (g/dl) 4.25+0.49 4.27+0.43 0.856
Total protein (g/dl) 6.50+0.66 6.58+0.84 0.704

Values are presented as meanzstandard deviation.
SS, disulphide; SH, native thiol.
*The significance between control and patient groups.
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statistically significant.

DISCUSSION

The major findings of the study were that (i) TAS, total
thiol, and native thiol levels were higher in the patients
than controls and (ii) TOS and disulfide levels were lower
in the patients than controls. Numerous studies inves-
tigated the relationships between schizophrenia and TAS
and TOS levels.”*"” In these studies, inconsistent results
were found. In 2009, Virit and co-workers” demonstrated
that, lower TAS concentrations in patients with schizo-
phrenia and also in the same study no significant differ-
ence was observed between the patients and controls in
terms of TOS levels. Sertan Copoglu et a/.'"” showed that
decreased TOS levels in patients compared to healthy
controls. Bahceci et al.'® reported decreased concen-
trations of TAS but increased concentrations of TOS levels
in schizophrenic patients with respect to controls.
Al-Chalabi and co-workers™ demonstrated that the in-
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Fig. 2. Box plots for native thiol levels (A), total thiol levels (B) and
disulphide levels (C). The image of each group shows the box with
median (horizontal line within the box); the interquartile range
(IQR), corresponding to the 25th to 75th percentiles (lower and
upper limit of the box); nearest observations within 1.5 IQRs (the
whiskers) and outliers (circles within 3 IQR).
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creased concentrations of TAS in patients taking olanza-
pine compared to drug-free patients. Inconsistent results
between studies might arise from differences in the pa-
tients’ selection criteria, differences in disease etiology,
exposure to antipsychotic treatment, sampling of patients
at different stages of the disease, and study population
number. Our findings were in accordance with the studies
done by Sertan Copoglu et a/."” and Al-Chalabi et a/*” in
terms of TOS and TAS concentrations, respectively. It was
also suggested in the literature that atypical antipsychotic
drugs might affect oxidative status by increasing the anti-

22-25) In

oxidant levels and decreasing the oxidative stress.
our study, all the patients were using only atypical anti-
psychotic drugs. Therefore, we thought that the reason for
the increased concentrations of TAS and decreased con-
centrations of TOS might be related to atypical anti-
psychotic drug use in patients with schizophrenia.

In the present study we found higher concentrations of
the native and total thiol and lower concentrations of di-
sulfide in the patients compared to controls. Homocys-
teine, which has thiols, is becoming increasingly recog-
nized as an important substance in the pathogenesis of
schizophrenia. There is a positive correlation between
homocysteine concentration and  schizophrenia.”**"
One of the most relevant mechanisms explaining the as-
sociation between homocysteine and schizophrenia is
the effect of oxidative stress caused by homocysteine as-
sociated molecules on N-methyl-D-aspartate receptors.””
Glutathione is the major intracellular non-protein thiol.'®
Unlike homocysteine, glutathione is considered to be one
of the most important endogenous antioxidants in the
body.*" Recent studies have shown a correlation between
the decreased concentrations of glutathione and the path-

31-33
"It has been also dem-

ophysiology of schizophrenia.
onstrated that a negative correlation between brain gluta-
thione level and negative symptom in patients with
schizophrenia.’” Gysin et a/*" reported that under oxida-
tive conditions, impaired glutathione synthesis is a vul-
nerability factor for schizophrenia. Additionally, de-
creased concentrations of glutathione peroxidase and
glutathione reductase have been seen in patients with
38 Although, it has been reported that

the impaired metabolisms of thiol containing substances

schizophrenia.

such as homocysteine and glutathione in schizophrenic

26-33

patients.”**” There are no studies on the effect of anti-

psychotic drugs on thiol disulfide homeostasis in schizo-

phrenic patients. In our study, native thiol and total thiol
levels are found to be higher in patients taking atypical an-
tipsychotic drugs. It has been demonstrated that the rela-
tionship between atypical antipsychotic drug use, de-
creased levels of lipid peroxidation and increased anti-
oxidant enzyme activities were reported.”****" Taken
together, these results suggest that atypical antipsychotic
drugs may have a protective effect on thiol disulfide ho-
meostasis against to oxidative stress. The present findings
seem to be consistent with our earlier observations which
found that the increased concentrations of TAS and de-
creased concentrations of TOS may be related to atypical
antipsychotic drug use.

The main limitation of this study was that the concen-
trations of homocysteine, reduced glutathione, and oxi-
dized glutathione were not assessed. Very small sample
size, the inclusion of several antipsychotics and cross sec-
tional design were other limitations of this study.

In conclusion, the evidence from this study suggests
that atypical antipsychotic drugs have also a useful ther-
apeutic effect by reducing oxidative stress via inhibiting
the formation of disulfide bounds. We think that these
findings enhance our understanding of the relationship
between oxidative stress and atypical antipsychotics.
More broadly research on the effects of atypical anti-
psychotics on thiol disulfide homeostasis would help us to
establish a greater degree of accuracy on this matter.
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